REPORT OF T}IE TASK FORCE 


• ON THE GAS PHASE OF THE CIGARETTE SMOKE 

CORESTA ConTei'cnce - MOICTREUX - September 23-27, 1974 

C. Joi^ny 

I - IHTKODUCTIOH J THE GAS PiiASE OF CIGARETTE 2K0I:E 

!•! - Definition - Preparation 

1.2 “ Probleii'is of Aging - Conservation 

1.3 - DravbacRs and Advantages of Determinations on the Gas Phase 

1.4 - Methods of Determination Used 

II - PRINCIPAL CO.'TOUMDS NOV DETERMINED IK THE GAS PH/uSE OF CIGARETTE SMOKE 

11.1 - Carbon Monoxide CO 

11.2 - Nitrogen Oxides NO - N02 " 

11.3 - Acrolein 

11.4 - Hydrogen cyanide HCK• 

11.5 - Sulphur compounds 

11.6 - Determination of Various Components of the Gas Phase by High 

Resolution Gas Phase Chromatography (GC) 

III - CONCLUSION 


Source: https'://wwwOB§®JFS!r" ents.ucsf.edu/docs/ykxki&ufl 


1000S76220 


I 


INTHODUCTION ; THE GAS PFJASF OF CTGAREVrv: SimR 



1,1- Definition - Preparation ; 

As cigarette snoke is an aerosol it is tliooreti cally possible 
to distinguish a gas phase and a particulate phase. In practice, 
the piroblem of the separation of the tv/o phases is less simple: 
any screen capable of retaining i:)articles larger than a certain 
diameter allov/s a high proportion of smaller particles to pass 
with the gases and vapours. Furthermore, as puffs succeed one 
another, the filter becomes partially blocked so that, during an 
aspiration, certain semi-voliitilc products dissolved in the 
condensate will {“ass tiirougli the filter, whereas (whi.ch is more, 
troublesome in gas phase determinations) certain volatile products 
could be dissolved by the condensate. The great complexity of tho 
equilibria involved means that the gas phase is defined empirically 
and rather arbitrarily as bejng "that which passes'* throuch a glass 
fibre filter of well defined mesh size, knov;n as a Cambridge filter, 
placed inmiediately behind the smoked cigarette. Tobacco moisture 
content, the conditions of temperature and moisture obtaining in 
the smoking room, the type of smoking machine and how it is 
adjusted should also, naturally, be carefully defined. This 
a priori definition of the smoko phase is to be the subject of 
an ISO standard, and what we refer to as t)ie "gas phase" in the 
follov/ing article is the fraction of smoke separated according to 
this standard. 

1.2 - Problems of Aging - Conservation ; 

Host of tho compouncls found in the gas phase v;hich are of 
interest in determinations arc reactive compounds acrolein, 

H 2 S, HCN): it is therefore desirable to carry out determinations 
on the compounds themselves as quickly as possible (by direct 
injection in GC or by non-dispersive spectrometry) or to convert 
them very quickly into stable addition compounds. Only the oxides 
of carbon (CO - CO 2 ) require no precautions, except for the 
material of the container in v:hich they aie stored. Furthermore, 
the metal portions of the apparatus will catalyse the reactions 
of a given product more efficiently, causing it to disappear. The 
articles by GROB (2) and SCIlOh'HERR et ai. (4) deal with the 
problems of gas phase denaturation. 

1.3 - Drawbacks and Advantages of Pcterminations on the Gas Phase 

Tlic drav;backs arc principally methodological: 

a) Is tl^e mixture of gas and vapours knovni as the 
"gas-phase" constant for a given type of cigarette? Provided 
that the precautions mentioned in 5 I.l arc taken, the answer is: 
yes, insofar a.s two cigarettes of the same type are identical, 

b) Does tho gas p!insG contain the total timount of the 
products or docs a certain proportion remain in tlie particulate 
phase? This reproach is theoretically serious as, if the 
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percentage of the component of the total smoke passing into the 
gas phase is not knov:n, determination in the gas phase is of 
little interest. Wit]i respect to tliis problem, for example, 
reference may be made to the articles by VJALTZ 6 I1AU^:ER^;AN^^ (S) 
and h’lLLI/vMSON & ALLMAN (-6) . This is v;hy v/e have restricted our 
study to compounds v.’hich are sufficiently volatile for it to be 
assumed that large proportions of them exist in the gas phase, 
although definite indications do not alv/ays exist as to their 
distribution in the two phases. 

The advantages are of a more practical nature: 

- the relative simplicity of this mixture of volatile 
products, v;hich does not contain resinous products (a great 
advantage for colorimetric analysis and gas chron'r.tography, where 
there is no sliort term threat to the columns) j 

- owing to this ’’cleanliness", the possibility of 
analysing "native" products (with a time lag v;hich may not be more 
than a fev; seconds for analysis of one puff, whicli reduces the ris):s 
of destroying the compound) and of using spectrometric or colori¬ 
metric methods without excessive cibsorption. 

To sura up, although the gas phase is not smoke, in the 
case of important compounds, its analysis makes it possible to 
obtain: 

' - in certain cases, a value which can be taken as 

being identical to that of the whole smoke (CO, NO, H 2 S)> 

« in other cases, an indicative value (but v;hich has 
the virtue of existing) v;hich enables; 

• comparisons to be made between different 
treatjijents, manufacturing methods, mixtures of tobaccos, etc. 

, exact information to be obtained on the 
concentration of a semi-volatile compound in the vapour phase, 
which can be important in the case of studies on absorbent filters, 
which affect compounds in the vapour state. 

• The qualitative composition of the gas phase has been dealt 

with first by VJYNDER &• HOFFMANN (7) , then in greater detail by 
ELMEN}JORST & SCHULTZ (1), This review only deals with the methods 
for determining some of the mwijor components of smoke present in 
the gas phase in their totality, or in large proportions, with 
some further information on chromatographic determinations of the 
gas phase taJeen as a v/hole. It is therefore, in a way, a thorough 
study of a limited numJ^er of compouiids, as compared with SENKUS’s 
reviev; (3) which, as it deals with a very much larger number of 
compounds, had to be limited in the choice of references. For each 
compound studied, v;e shall try to give an idea of all the methods 
. proposed and t)iose v/hich appear to be the most interesting at present 

1.4 - Methods of Determination Used : 

The methods of determination used can bo reduced to four 

types: 
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" (<Uc;pcrsivG or non-dispcrsive IRj UV) of the 

native compound. 

Advantages ; rapidity and simplicity; secondary reactions 
reduced. 

Drovrbacks ; risks of interferences on the selected v/avelcngths; 
.difficult to automate. . • ' 

“ addition compound. 

Advantage s: automation possible (at least for measurement) ; 
can eliminate secondary reactions v/hich would consume the 
compound to bo determined. 

Drav/back ; risk of interferences which are sometimes uncontroll¬ 
able. 

“ conventional column 

- on capillary coluiwi 

. with various detectors (thermal conductivity, flame ionization, 
flame photometry, thermionic, electrolytic conductivity, etc.). 

Adv antages ; "visualisation” of the mixture, therefore relative 
specificity, especially v/ith specific detectors (flame photo¬ 
metry, thermionic or electrolytic conductivity); generally 
speaking, good reproducibility. 

Drav;backs : the difficulty of );nov;ing v.’hcthcr a peak is not 

composite (except when a coupled mass spectrometer is 
available); tJie necessity of manually measuring peaks, or 
using an integrator (costly); special experience for 
capillary columjis. 


- Electrochemical methods (selective electrodes, potentiometry)♦ 
Advantage ; simplicity of measurement. 

Drav;backs ; difficult to automate; may, furthermore, require 
a preliminary reaction v/hich Ccin take a certain amount of time. 


PR1^■CJPAL COMPOUNDS NOW DETERMINED IN THE GAS rilASli: OF CIGARETTE 

II. 1 - Carbon Mono>:ide CO_(B.P. = ; 


This is the easiest of the interesting products to determine 
in the gas pliasc: it is stable, hardly reacts under ambient 
conditions, and is a permanent gas. But certain precautions should 
be taken to avoid losses by diffusion v/hen the gas phase is stored 
prior to determinat.ion [bRUUKHI^ANM & HOFFr-lAHH (10) , HORTON a 
GUEIUN (14)]; the best containers appear to be bags made from 
“Saran” (polyvinylidene chloride) or "MetatJieno” (Polytliene/poly** 
propylene laminate) [ayRRS (G)], but teflon and rubber are 
acceptable for analyses effected soon after smoking. 

« 

All the methods imply more or less frequent calibration. 

Tlie ideal is to have bottles of gas (CO and/or CO 2 with a ktiov/ji 
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content of nitrogen or helium). Failing thin, CO may be 
produced by the action of Duljphuric acid on formic acid 
[cf. la^USZYigSKI & IIJilNRIlCTN (17)]. 

Two types of methods compete for determination! 

Chromatographic methods: 

Taking into account tlic high cor:ccntration of CO in smohe 
(about 50^000 ppm., or 5%), the detector is a thermal conductivity 
detector (katharometer). KLIMISCH & MEISSHER (15) in a recent 
investigation nevertheless use flame ionisation detection, after 
reduction of CO to methane CM^ on a nickel catalyst. The increased 
sensitivity thus obtained does not appear useful for determinations 
on "native" smoke (even puff by puff) , but can )oecome so for 
determinations on atmospheric samples, or for physiological studies 
on CO. 

Conventional columns, 1/4 or 1/0 inch in di.ameter, are used, 
/analysis can take from 1 minute to 1 hour, depending on the 
‘temperature of analysis, length of the column, and the type of 
adsorbent (solid) used as packing, which may be: 

- silica col t * ' 

As CO is not separated from atmospheric gases, as opposed 
■to CO 2 , a small ar;r)unt of iodic acid anhydride, v;hich oxidises CO 
to CO 2 , is placed in the middle of the column, which permits tlie 
permanent gases, CO and CO 2 , to be finally separated. The fact 
that the analysis only lasts for 2 minutes, and the strength of the 
substrate, are tv;o very positive elements of this meUiod [WATANAkE 
& KOB/iSIII (21) j Cf. also BRUHKF.MAMN & HOFFI-tM/lJ (10) j DONZEL (12)]. 
The 12^5 ^9 cartridge should probably be replaced every 200 to 

300 determinations. 

- carbon molecular sieves; — ; 

Described by KORIE (10); duration of analysis, 3 minutes 
for CO, 8 minutes for CO and CO 2 , with temperature programmed at 30® 
to 100®Cj then by lO^IIUSH (16) ; duration of analysis, less than 
1 minute, v.’hich makes it possible to determne Uie CO in each puff 
of the same cigarette. 

It sliould be noted that it is only necessary to carry 
out such rapid analyses for fundamental studies cn cigarette 
combustion: in general, yield i?er cigarette is studif^dj in this ’ . 

case, the analysis should be quicker than smoking (about 10 minutes) 
or a fraction of the smo):ing timjc (1/2 or 1/3) if 2 or 3 replications 
of the measurement are required. 

The advantage of carbon molecular sieves over zeolite 
•molecular sieves is that they are not sensitive to moisture (and 
therefore do not necessitate desiccation of the gas phase). As the 
column is not very fragile, many analyse*; can be effected (about 
1,000) v;ithout regeneration [KLIMISCil ()G)]. 

- zeolite Piolccular sieves ; 

. type 5A; cf. KRUSZYNSKI R IIEMRTKEEN (17), UORTOI') & 
GUERIN (14) f RJi^ir & KUr.N (20) (duration of analysis < 2 minutes for 
CO alor^ej about 30 minutes for O 2 , CO and CO 2 v/itli temperature 
programming to 3'10®C; 

.../... 
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. typo 13 X; cf, KLIMISCH & liEinSNER (15), who 
deterjnino CH^ and CO in the form of ClI^ (after liydrogonation) 
in less than 2 minutesj AYKES (8) uses tv;o columns in xVarallel, 
the zeolite coluir.n being used for the separation of CO from the 
permanent gases after absorption of CO 2 on soda lime (duration 
about 15 minutes for permanent gases, less for CO alone). 

The sensitivity of zeolites to water results in 
iiiost authors vigorously drying the gas phase (with Mg 
e>:amplo) , and the high CO 2 retention level necessitates very 
strong heating [cf. RKir ft KUHN (20)]. 

- cation exchange resin : 

A cation exchange resin (Ambcrlitc) in the Ni form, 
reduced v;ith hydrogen: cf, llORTOM & GUERIW (l^l). Analysis takes 
less tlicin 4 minutes. The manufacture of adsorbent may pose 
problems (notably, reproducibility of Rf from one batch to another). 

It should be noted that a method using porous rosin 
(Porapak Q) , with temperature programming from -70 ®C [I’OPvIE fi CLOAI5 
(19)], has been given up by its authors in favour of a mctliod on 
a Ccirbon sieve [MOlUE (10)], as the apparatus is cheaper and results 
are more easily reproducible. 

b) Kon-disporsivo IR spectrometry method; 

Alt)iough a non-dispersive IR apparatus costs al^out the sane 
as a chromatograph a few laboratories now use tliom for determining 
CO, probably because of its specificity [wOiich necessitates two 
analysers if CO and CO 2 are both to be determinedj cf. WILLI/uMS 
& 13ELK (22)] . 

The method is simple and analysis very rapid (it enables tlie 
evolution of CO concentration in the smoke to be followed during 
one puff: cf. V^JLLIAMS & BEEK (22). People wlio arc kr.c*’n to use 
this method [AYRES (9); GAISCH (13)] arc satisfied with it, even 
if it is slightly less accurate than GC. 

Finally, an automatic method for determining CO, puff by puff, 
after the smoke from 20 cigarettes has been collected (smoked 
simultaneously in lino) is described by COLLIE’S & WILLIAMS (11). 

II. 1 - Nitrogen Oxides NO (B.P. g-151.7*"c)? HO ^ (B.P. = 4-21* 3*^0 ; 

Routine determination of nitrous oxide N 2 O [mentioned, for 
example, by PHILIPPE ft HACKNEY (32)] are not carried out. It is 
not very toxic and not easily oxidisable under amJ^iont conditions. 

Nitric oxide NO, the major component of higher nitrogen oxides 
(NO^ = NO + .NO 2 ) in native smoke [NORMAN & ICEITH (30); BAPitEMEYE?. ft 
SEEHOFER (24); WILLIA!-5S ft BELK (37)] partially oxidises fairly 
quickly to nitrogen peroxide NOp under ambient conditions 
[BARKEKEYER ft SEEIiOFER (24); SLOAN ft KIEITR (34)]. Finally, in the 
gas phase, the amount of detectable NOj^ decreaGes very rapidly the 
longer it iJj kept. It has ))cen shovm that certain knov;n compenents 
of the gas phase can play a part in this disappearance of h’O, as they 
react vdth it; these are; acetaldehyde, isoprenc and hydrogen 
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sulphide [KORii^N & VINSON (31)], and methanethiol .[SLOAN & UILFLR 
(34)]* It would therei'oro be desirable to have a method v.’)iich 
docs not suffer from interferences and j^ermits almost instantaneous 
analysis after one cigarette is sn)o)^od, or, bettor, after 000)1 puff. 

The roost satisfactory method for KO, from the point of view of 
rapidity and specificity (allowing for the negligible amounts of 
NO 2 in native smolvc) would doubtless be the luminescenoo produced 
by the reaction NO -I- —> NO 2 + O^. Unfortunately, the apparatus 

indispensable for this method is costly (about $ 10 , 000 )* 

Gas phase chromatography is only used for sr.tohe by HORTOIn’ 
et cj2. (2D), who use a 1/4 inch column i>acked with 28% Ponnv;alt 223 
and 4% KOri on "Gas-Chrom R" 80-100 mesh, and an c-lcctrolytic con¬ 
ductivity detector. Their results agree "reasonably v/ell" with 
those obtained by-line spectrometry. 

All the other methods described consist of: 

a) either immediately determining the nitrogen 
oxides in the "native" gas phase 

b) or contiictir.g them immediately with a reagent 
having more rapid kinetics tJian the other smoke components in 
their reaction v.’ith NOjj. 

The '^sed in practice are: ! 

- Non-dis p ersi ve IR spect ro roetry : VJILLIAKS & ELLK (37), 

A study of the possible interferences siiows that, apart from 
ethylene, isoprene and acetaldehyde, the coir.ponentr. of the gas 
phase are not very troublesome, and that errors in measurements of 
KO due to their presence (including that of the above 3 compounds) 
are no greater t)ian about G%, j 

" bV Spectrometr y: The method described by URBANIC fi I 
SUTT (36) ( =’227«25]np: after the Cambridge filter, the smoke 

passes through a filter of special activated carbon, v.’hich reduces ^ 
the interferences due to the other components of the gas phase) ' 

can be used for routine analysis [AYRRS (23)] and permits moasurerr.or.ts 
repeated 3 times in 40 minutes, puff by puff. The only two drawbacks I 
to the method (apart from the price of the apparatus, which is in 
fairly general use) are: rather complicated calculations (to take ^ 
into account the ratio of the volume of the measurement coll : voluh^o 
of puff, and the disappearance of about 10% of tlic NO from the cell 
betvjccn 2 successive puffs) and, above all, the necessity of a 
suital)le activated carbon ns the use of some types of carbon tends J 
to result in the disappearance of a substantial portion of the NO 
(cf. URBANIC & SV'ST), . ' • | 

i 

The metliods of type b) actually used are: 

“* Sclc^ctive electrode for nitrate j.o ns: after oxicatio:^ ' 
of to NO^“ by 1% hydrogen peroxide 8302 , at pii* 3*5 [ST.OAN & 

KORIK (36)]. The method is not exporisivo (if tlie laboratory already 
has a pH meter) , but necessitates stirring for 30 m.inutos to oxidise 
KO and to (hydrolised to KO 3 -) , which in slower than r.pcctro- 

metric methods '(but other smoke sainplos may be taken during this 
as the smoking machine is free)• 
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Coloi^iinotrie methodn : used in most of the vork on 
smoke before 1969, They have the advantage of only requiring 
cheop apparatus in general use, and could doubtlessly be automated 
fairly.easily. ‘ . 

Tlie only .specific method published for KO is to complex 
it v;ith ferrous sulphate FeSO^ (coloured complex with /Kinax - ^45r.M) 
described by .BARKOIEYF.R a SEFlJOFlfc (24), who considcx its relative 
standard error to be less than 4%.^ 

Most authors use the SALTZMAN method (33) for detcriiur.ing 
NO^: NO must therefore he oxidised to KO2 assuming that, during th.e 
time necessary, the unoxidised KO doss not react with other cci.pouncs 
of the gas phase, v/hicli is not certain (31) (34). As in the 
technique using a selective electrode, the gas phase is collected 
in a vacuum flask containing a sufficient amount of reagent. In 
about 2 Ijours the oxygen of the reintroduced air oxidises NO ];02 
which is converted into KO^- (a mechanism which is not well under¬ 
stood and is certainly complex)} NO2** diazotises sulfanilic acid 

and the diazo couples v;ith an aromatic amine, usually • i;(-naphtyl)- 
ethylene diamine, to give a mauve-pink compoxind ( A max '= 545n;fi) , 
stable for longer tlian 24 liours. The method has many drav;b?.cks; 
questionable reproducibility? doubtful value (end apparently 
variable with the concentration of KOj.) of the coefficient to be 
used to pass from molar concentrations in nitrite ion N02~ 

(generally used for calibrating for reasons of convenience) to the 
concentration of oxide K02J slov/ kinetics for the formation of 
the dye. To improve the method (for mixtures other than cigarette 
smoke) it has been suggested: to add an arsenite ASO2”, v;hich 
collects the OH radicals formed by the reaction — i ^ 

basic aqueous medium (and which interferes v/itli tlifs foruauion 
by producing 1^03“ ions) [CIOVIN & DEbAHUAY (26) ]> 

- or, instead of using nitrate as a standard, using 

a mixture having a knovm KO or KO2 content [FIShTR & EEC.'KELL (27) ; 
BULTE2 (25)]j 

- NO can bo oxidised to NO2 v;ith ozone [FISHER & BECKKELb 
(27)] or oxygon [bULTEZ (25)], or again by passing the gas thr-;uch 

a filter impregnated with bichromate Cr20.^^' [KURODA (29) ], chromic 
oxide Cr03, or permanganate 

- finally, according to FISHER & BECJCr.TDLL, by adding 
1 % boric acid H^BO^ to the reagent, it is possible to alir.ost 
completely eliminate the interferences due to ammonia KH^ (up to . 

25 ppm,), 

Unless it is substantially improved, tliere will be a 
tendency for laboratories wisliing to make a large number of 
iceasurcmonts v/i'th good rex-^roducjbility to give up this method. 


il.3- Acrolcin (B.P. ==+S2'5^C) ; 

Despite LAUREKE & HARBIM's (44) affirmation that tlicre is no 
loss of acrolein on the Cambridge filter, it is possible that, given 
its boiling point, it condenses on it to a certain extent. But no 
method described up to nov.» makes it possible to determine it 
accurately in total smoke: all rr.oasure;ricntc arc made on tlio gas , 
phase "for convenience". 
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The following methods are used:: 

- Gas chromatography: 

fhe~fIrst~authors used conventional columns but, under 
certain conditions, it is very difficult to separate acrolein from 
furan [AYRbS (39); TSSTA & JOIGNY (^6)], except for cryothermal chro¬ 
matography I HORTON & (43a)] ; triipping of the gas phase is 

achieved on the column at -75®C; analysis time is about 1.5 hr. At 
present, most of the laboratories which determine acrolein directly 
by GC use glass capillary columns, like ARTHO t: KOCH {3b), in a j^eihod 
adapted from GKOB (43). For sucli a method, it is naturally necessary 
to have a good technique for manufacturing capillary colu:ms and to 
be ready to accept that analysis should take quite a long time (in 
the rcuige of 30 to 60 minutes) to bring out the peaks of ctli the 
components of the gas phase (it is obviously possible to temperature 
prograiTjr.e more rapidly in order to elute the higlier boiling corpounds 
without attempting to recover them, but this p*,occdure may r<ipidly 
degrade tlJC column). 

Another problem is the length of time smoke is kept before 
being injected; injection of one puff (fi'om one cigarette or from 
several smoked simultaneously) appears to be more reliable th/n 
fijiUilgamating the gas phase of a whole cigarette although, according 
to GROB (2), a stainlcsi: steel - teflon syringe h<irdly dc-nature<; the 
gas phase at all. V/hen a single puff is injected the problem arises 
of the number of the puff, so that it is representative of the v/holc 
of the smoke from the cigarette (the analysis takes too long for cacJi 
puff to be £uaalyscd successively). A reasonable solution would seen 
to be the use of a certain number of cigarettes smoked simultaneously, 
with one or two puffs displacement between thCTn, the injccticn being 
done on a fraction of the mixture of all their gas phas'js. But this 
system poses a problem of the smoking machine, and perlieps also of ' 

the mixing chamber before the injection (see §11.6). 

- Colorimetric method using 4-hexyl resorcinol according to 

COllEil &; ALfs5r;uEL.Srr(<6)’T"“ 

The gas phase is cold trapped in the reagent solvent ^ 

(ethanol) in the dark. Tliis method has the drawback of being difficult ' 
to perfect, and of using toxic reagents (corrosive mercury chloride, 
Vricliloracctic acid); replication is not always excellent, and tlie 
exmounts of acrolein added to the trapping solution are not recovered 
integrally [cf. DONZEL ('ll)]. | 

-Gas plis.se chromatography of the addition compounds of acrolein; | 
~aj The addition of labelled cystein e GAISCH , i'ollo\.'e:.i 

by electrophoresis and tv/o-dimensional paper chromatography permit a 
determination of acrolein and of many other compounds. I 

b) For adding to an alkylthiol [tBSTA ^ JOIGNY (46)], gas 
phase may be trapped on a water-impregnated chromosorb coluj-in, under I 
conditions in which it appears that acrolein docs not have a tendency . 
to be destroyed, and separation of the addition products obtained (for 
compounds with an activated double bond, particularly acrolein) from j 
otlier co.mpounds of the gas phase is greatly facilitated compared with 
the starting products, ovang to be relatively large increase in the I 
mass.. Conventional columns can tlius be used, and chromatography lastin'ri 
for about ten minutes for acrolein and in the order of l/2 hour for all 
the visible products. This method has the drawback of necessitating 
a reaction with kinetics which are quite difficult to control, and ! 
the advantage of permitting the introduction of an intcrn.'jl standard, 
which in mucli more difficult with a direct injection of the gas 
phase. ' * 
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- It should bo noted t]iat the jiiothod of c)u‘omatograp!iy on 
Porapsk desci'ibod by MORIE & SLOAK (45) has been abandoned by 
its authors (for reasons of homoejenicity of batclics of the porous 
substrate) for a method using capillary columns. 


11,4 " Hydrocren cyan.ide HCN (E.P. = 26**C) 

Hydrogen cyanide is distributed in variable proportions 
(notably depending on t>ie types of tobacco) botv;een the gas phase 
• eind particulate i^hase (v;hich retains 25 to 50^6 according to’authors). 
Hov.’cver, the same methods of trapping can be used for total smoko 
or the gas phase (the only difference being the presence or absence 
of a Cambridge filter behind the cigarette) and the methods 
. described here are valid in both cases. 

Trapping is done either on a solid adsorbent: ascarlte (or 
any asbestos containing soda) [COLLIKS et al. (50), KUKH £ (52), 

REIF (55)] or silica gel bcl.ind a Cambridge filter [COLLTtvS et aJ. 
(51)] (both filters are connected for the doterpination of hCiJ, the 
. . silica gel only being reserved for the determination of volatile 
aldehydes) , or in a scrvJ:)ber containing an aqueuos caustic soda 
solution [ARTMO & KOCH (47), AYRES (48)]. 

Determination is then effected by three principal types of 
methods: 

- Colorimetric methods: 

They use; 

- either a broinination of the cyanide ion in an 
HCl miediura (tlie excess of ^bromine is destroyed by arsenic oxide 
As^O^ or an arsonite As03^‘*) , follov;ed by a coloured reaction in 

.• a pyridine medium v/ith ben?-.ldine fARTHO & KOCH (47)], p-phcnylene 

diamine [according to DARK & HIGSON (49), AYRES (48), KORIE (54)] 
or barbituric acid [kuhh £ DFJiUK (52) ]j 

- or, in an automated method, chlorination of the 
cycinide ion v;ith chloramine T in a basic buffer solution, followed 
by a coloured reaction v;ith methylphcnyl pyrazolone in the presence 
of pyridine [COLLIES et al. (50)]. Acetaldehyde and hydrogen 
sulphide, whicli might interfere, do not appear to be a hindrance 

at the levels at which they exist in smoke. 

All these methods, and particularly the last, give 
acceptable results on the level of reproducibility, providing the 
same conditions of trapping and smoking are alv/ays respected 
(cigarette and ambient air moisture contents have a marked j.nflucnce 
on HCN yield). 

Cyanide ions selective electrode [VICKROY & GAUNT (57) , 

REIF (SSF'JT 

This method has the advantage of simplicity and, for 
laboratories possessing a pH meter, only necessitates buying the 
electrode (cost# $400). Tlie possible interference of sulphide 
ions can be eliminated by the addition of a concentration of lead 
nitrate higher than that of the sulphide ion [VICltROY £ GAUNT (57)]. 
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It should be noted that, apart from the authors of the tvro 
publications mentioned, v/ho consider the method to be satisfactory, 
other laboratories [TESTA (56), MOKIE (54)] gave it up after 
several trialr., as they obtained values too far removed from those 
obtained with colorimetry, and/or as it was insufficiently 
reproducible. f'urthcrmore, this method requires fairly frequent 
calibrations. 

Potentiomctric method [l*!ATTlHA (53) ] z 

Tl\is method, uses the reaction of silver ions Ag^ v/ith 
cyanide ions it necessitates a pH meter, a glass electrode 

and a silver electrode, but does not require Ccilibration and, 
according to its author, gives rice to no interference, as the 
precipitation potential has a fairly specific value. It further 
permits hydrogen sulphide to be determined simultaneoifsly 
{cf. I II.5). But it is prob<ibly not easy to automate. 


II.5 - Sulphur compounds H2S (D.P, = -GO^l^C), COS (D.P. -50-2®C), 

CS2 (D.P, = +46«5®C), and SO^ (B.P. ; 

Ac these compounds may play a part in the taste and the 
toxicity (SO^) of smoke it could be an advantage to have simple 
methods for determining them. There may be mentioned; 

“ The MATTINA method (53), already mentioned and 
criticised v;ith respect to HCNj 

- A method using the coloured reaction (absorption 
at SGSnm) of H2S (trapped in a 2*Sl^ soda solution containing 0*5% 
zinc acetate) v;ith p-amino N,N-dimcthylaniline sulphate (in aqueous 
HCl solution) and ferric c'hloride [AYRES (58)]; impregnation of 
the Cambridge filter with citric acid is recommended to avoid any 

.. absorption of H^S; 

- A sulphide ion selective electrode method [mORIE (60)], 
vjhich has the advantage of giving rapid results (about 2 minutes) on 
a gas phase solution (trapped in a 1 M NaOH solution in the presence 
of 0‘01 M ascorbate as antioxidant); 

- For H2S,_C0S, CS^ and^SO^: 

A GC method on a conventional column packed with special 
silica# vdth flame photorr:etry detection [HORTON & GUERIN (59)]. The 
authors recommend a teflon smoking circuit instead of a stainless 
steel one, which appears to catalyse a destruction of H2S (probably 
by reaction with other components of the gas phase) attaining 50t 
in 4 seconds. They also note a substantial increase in the moan 
molecular v;eight of sulphur products after the gas phase has been 
, stored for 30 seconds in a teflon loop (and a fortiori in stainless 
steel). These last remarks prove that determination is fairly 
difficult# even on native smoke. 

Moreover# for all these compounds, there are few data 
in the litoi'cituro on thej.r distribution in tJ'*c particulate cind 
gas phases. 



I 
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11,6 " Determination of Various Components of tho Gas PIktsg by !Iiqh 
Hosoluticn Gas Pliase Chroiiiatorrraphy (GC) ; 

For overall comparison of the smoke from several cigarettes, 
it may be an‘advantage to obtain the values for a certain nuirl^er 
of tlieir comnononts in less than one hour. In the* present state 
of the techniques, GLC on a conventional packed column does not 
permit sufficiently satisfactory separations of the products, 
even in tiie gas phase, altnough it is- a very simple mixture 
compared v;ith total smoke. On the other hai^d, according to 
GROB (^3), the use of capillary columns permits a semi-quantitative 
description of tho gas phase (values of concentrr4tions of about 
ton or twenty products in about 1 hour and with a maximum error of 
about 20%)♦ Criticism of determinations in the gas phase arc 
naturally jus;tif.1ed here by the large number of products having a 
relatively high boiling point (110® for toluene) among the compounds 
determined, v.’hicli poses tho problem of their distribu***on-between 
the gas and particulate phases. If it suffices to consider such 

a "determination" as an empirical description of an arbitrary, but 
reproducible, fraction of si.'.oKo, interesting indications can he 
obtained for studies of filters, of nev/ manufacturing techniques, 
for instance. Technically speaking, this mcUiod necessitates 
sufficient experience v;orking v;ith glass capillary columns. 

A notev;orthy qualitative application of the method has 
recently been described by ARTHO & KCCIl (61). 

"Quantitative" adaptations of GROB's tecliniquc are ujcd in a 
certain number of laboratories: REIF (65); D0I'JZ1::L & TESTA (G2) , 
who now determine 11 products and v;ho nov/ use a smoking machine 
with 4 synchronous pistons to produce a "mean" gas phase; GAISCH 
(63) determined 14 products; HJERN at al. (64), who use pressure 
prograiTjning which further‘improves separation as well as temperature 
prograjrmiing from -70®C. 


Ill - CONCLUSION 


Although it is always desirable to have recourse to several methods 
for a determination - one checking the other in case of douot - , it is 
often convenient, especially when a laboratory starts a new determination, 
to have an idea of the advantages and drawbacks of each method, and to be 

able to judge it as a function of local requirements (frequency of 

deterroinations, accuracy desired, apparatus available) . Although tliis 
review may be rather long, an effort has been made to make it as complete 
and objective as possible. It has shov/n that, although satisfactory 
methods exist for quick, accurate and relieible determination of CO and 

HCN, progress still needs to be made, and conditions specified, for 

JUS and acrolein. V7c have not mentioned light unsaturated hydrocarbons, 
lunong which ethylene is an ideal component of the gas phase (B.P. =-102»4®c): 
as for as v.-c know only one-recent case of determination (by IR) has been 
effected, presented by VILCINS at the 27th TCRC (October 1973). 


The critical, documentary aim of this study has not been fully 
attained ov;ing to the fact that onl.y a few laboratories (actually 5) 
agreed to reply to a detailed questionnaire on the methods they used 



/... 
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for determining compounds in the gas phase considered to be interesting, 
and those they have tried and given up. The remainder of the iniormaticn 
comes from publications - which are always behindhand compared v.’ith 
authors' siUDScquont experiments. In spite of this, we hope that this 
review will, as it stands, be of use to certain colleagues and will make 
a modest contribution to increasing exchanges within the Smoke Group. 
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